Abstract. The detection of ultrahigh-energy (UHE) neutrino sources would contribute significantly to solving the decades-old mystery of the origin of the highest-energy cosmic rays. We investigate the ability of a future UHE neutrino detector to identify neutrino point sources, by exploring the parameter space of the total number of observed events and the angular resolution of the detector. The favored parameter region can be translated to requirements for the effective area, sky coverage and angular resolution of future detectors, for a given source number density and evolution history. Moreover, by studying the typical distance to sources that are expected to emit more than one event for a given diffuse neutrino flux, we find that a significant fraction of the identifiable UHE neutrino sources may be located in the nearby Universe if the source number density is above ∼ 10 −6 Mpc −3 . If sources are powerful and rare enough, as predicted in blazar scenarios, they can first be detected at distant locations. Our result also suggests that if UHE cosmic-ray accelerators are neither beamed nor transients, it will be possible to associate the detected UHE neutrino sources with nearby UHE cosmic-ray and gamma-ray sources, and that they may also be observed using other messengers, including ones with limited horizons such as TeV gamma rays, UHE gamma rays and cosmic rays. We find that for a 5σ detection of UHE neutrino sources with a uniform density, n s ∼ 10 −7 − 10 −5 Mpc −3 , at least ∼ 100− 1000 events and sub-degree angular resolution are needed, and the results depend on the source evolution model.
Introduction
The first detections of TeV -PeV (10 12 − 10 15 eV) neutrinos by the IceCube collaboration [1] [2] [3] [4] [5] [6] opened up the era of high-energy neutrino astronomy (see [7] [8] [9] [10] for reviews). The energies above a few PeV are still uncharted territory, but the existence of EeV (10 18 eV) neutrinos is guaranteed because they will be produced by the interaction of ultrahigh-energy cosmic rays (UHECR, charged particles with energies greater than 10 18.5 eV) directly in the source environment, or during their propagation in the intergalactic medium. While the flux level of neutrinos produced at the source depends on the data and modeling, for the neutrinos generated during the propagation of UHECRs in the intergalactic medium (the so-called cosmogenic neutrinos) predictions are less uncertain although the chemical composition has a significant effect on the expected neutrino flux [11] .
UHECRs were first detected decades ago, but their sources remain unknown. One reason is that the trajectories of these charged particles are bent by extragalactic and Galactic magnetic fields, and are thus difficult to trace back. Neutrinos, in contrast, propagate over cosmological distances under the influence of only gravity. Neutrinos produced by interactions of ions with matter or radiation are expected to have energies ∼ 3− 5% of the original hadron energy [12] , which means that EeV neutrinos will be unambiguous probes of the accelerators of UHECRs.
Nonetheless, detecting an ultrahigh-energy (UHE) neutrino does not guarantee the identification of an UHECR "accelerator". Since there is no horizon for high-energy neutrino propagation (unlike for gamma-rays or cosmic-rays), it is likely that a range of astrophysical objects will lie within the solid angle associated with a detected neutrino, making it difficult to determine the actual source. Source catalogs obtained by electromagnetic observations could be helpful, but high-energy catalogs are usually incomplete due to flux limitations. It is also uncertain that all the events are from the same type of source. A more robust way of finding the UHE sources would be to identify the bright sources on top of a diffuse background. As in traditional astronomy, implications of a point-source search have been studied in the literature of neutrino astronomy [13] [14] [15] [16] [17] . Importantly, in the UHE range, the atmospheric neutrino background can be safely neglected. Thus, the success of such a search depends on the angular resolution and sensitivity of the detectors, but also on the source population luminosity density (or energy budget) and emissivity history.
Many existing and projected experiments have been proposed to detect EeV neutrinos, including the Antarctic Impulsive Transient Antenna (ANITA [18] ) , the ANTARES telescope [19] , the Askaryan Radio Array (ARA [20] ), the Antarctic Ross Ice-Shelf ANtenna Neutrino Array (ARIANNA [21] ), the Cubic Kilometre Neutrino Telescope (KM3NeT [22] ), the ExaVolt Antenna (EVA [23] ), the Giant Radio Array for Neutrino Detection (GRAND [24] ), IceCube [25] , IceCube-Gen2 [26] , the JEM-EUSO Mission [27] , Chenkov Telescope Array (CTA [28] ), CHerenkov from Astrophysical Neutrinos Telescope (CHANT [29] ), and Neutrino Telescope Array (NTA [30] ). These experiments employ very different techniques, and have a wide range of effective areas, angular resolutions, and detection efficiencies [31, 32] .
In this work, we investigate the requirements for a future EeV neutrino detector to identify an UHE neutrino source. In Section 2.2 we explore the prospects for pinpointing sources using detectors with a range of angular resolutions and effective areas. In Section 3 we examine the possibility of association between UHE neutrinos and UHECR sources. We conclude in Section 4 with a discussion of the impact of our results in light of existing experiments. Finally, we point out that our work can also apply to neutrinos in the energy range of 100 TeV -EeV where the effect of atmospheric neutrinos is negligible.
Capability of Point-source Detection
The non-detection of UHE neutrinos using the IceCube Observatory and the Auger Observatory [33, 34] sets an upper limit on the all-flavor flux: E 2 ν Φ ν 3 × 10 −8 GeV cm −2 s −1 sr −1 at 1 EeV. Let us assume that a neutrino detector is sensitive to one flavor (e.g., ν τ ). Then, for an operation time T obs , a detector with a "neutrino" effective area A eff and an instantaneous fractional sky coverage f cov is expected to observe a total number of neutrinos ("events")
Note that we have used the neutrino effective area, and a fraction of the neutrino energy is usually measured in detectors. Assuming the effective area does not strongly increase with energy in this energy range, E ∼ ∆E ∼ 1 EeV leads to
Then, the IceCube and Auger limits imply
3)
The expected number of events N ev tot scales with the effective area of the detector, and could span a large range due to uncertainty about the sources of UHECRs. For reference, at 1 EeV, the effective area of some projected and future EeV neutrino experiments ranges from A eff ∼ 10 9 cm 2 (e.g., ARA-37 [35] ) to ∼ 10 11 cm 2 (e.g., GRAND [24] ).
An EeV neutrino flux of ∼ 10 −8 GeV cm −2 s −1 sr −1 is comparable to the WaxmanBahcall bound flux [36] as well as IceCube's diffuse neutrino flux, so it can be seen as a benchmark flux level that one could expect for a reasonable UHECR source scenario. It corresponds to ∼ 1000 events for the ambitious detector parameters given above.
Another relevant detector property is the angular resolution △θ, which plays a crucial role in pinpointing the sources. Below we leave N ev tot and △θ as free parameters, and investigate the source-search capability of a detector in the parameter space of N ev tot and △θ.
Theoretical Perspectives
The most secure source of astrophysical EeV neutrinos is believed to be cosmogenic neutrino production by UHECRs interacting with the cosmic microwave background [37] [38] [39] [40] . For a proton-dominated composition, including Galactic mixed composition, and a source emissivity evolution similar to the star-formation rate (SFR), the predicted fluxes of cosmogenic neutrinos lie within the narrow range of E 2 Φ ν ∼ 0.75 − 1.5 × 10 −8 GeV cm −2 s −1 sr −1 (that is comparable to the Waxman-Bahcall bound for a flat energy spectrum) around 1 EeV for 3 neutrino flavors, for a broad set of standard astrophysical parameters [11] . Indeed, the level of neutrino flux at these energies is mostly governed by the well-measured UHECR flux and by the source emissivity evolution up to redshift ∼ 2, which is likely to follow roughly the history of star formation. On the other hand, for a composition dominated by heavy nuclei such as iron, the predicted fluxes of cosmogenic neutrinos are significantly lower [41, 42] , around E 2 Φ ν ∼ 10 −9 GeV cm −2 s −1 sr −1 , following the nucleus-survival bound for a flat energy spectrum [43] . Such pessimistic cases are more difficult to test, and ultimately large neutrino detectors are required.
UHE neutrinos are also expected to be produced at the source when UHECRs interact with ambient radiation and/or matter. Among steady UHECR sources, the most popular candidate sources have been active galactic nuclei. In particular, one of the most promising acceleration sites is the inner jet region of blazars, and blazars have also been considered as neutrino sources [44] [45] [46] (see also a review [47] and references therein). Powerful blazars including quasar-hosted blazars (QHBs) and low-frequency peaked BL Lac objects may be UHECR accelerators, so that EeV neutrino production has also been expected both in the leptonic model [48] and the lepto-hadronic model [49, 50] . The expected fluxes are E 2 Φ ν ∼ 10 −8 − 10 −7 GeV cm −2 s −1 sr −1 , and optimistic models have already been ruled out by observations with e.g., IceCube and the Pierre Auger Observatory [33, 34] . Other promising steady UHE neutrino sources include galaxy clusters and groups, which have been predicted to be PeV neutrino sources [51, 52] and have also been suggested as the origin of IceCube's neutrinos [53, 54] . The model predicts that low-energy neutrinos have a hard spectrum due to CR confinement whereas high-energy neutrinos have a steep spectrum due to CR escape. As shown in Refs. [52, 55] , EeV neutrinos are mainly produced by photomeson production interactions with the cosmic infrared background in clusters, and the predicted flux is E 2 Φ ν ∼ 10 −9 − 10 −8 GeV cm −2 s −1 sr −1 .
A successful detection of UHE neutrinos would enable us to identify UHECR accelerators, and thus multiplet searches have been performed in the context of UHECR astronomy. The number of event clusters from UHECR accelerators, with arrival directions separated by less than a few degrees, that may be associated with a single source, constrains the apparent density of sources of UHECRs [56, 57] . If there is not an excess of UHECR multiplets beyond what is expected for an isotropic distribution of neutrinos, then a lower limit on the apparent number density of UHECR sources can be derived [56, 58, 59] . In Ref. [60] the apparent, local UHECR number density was shown to be consistent with n cr s ≥ (0.06−5)×10 −4 Mpc −3 . The corresponding average UHECR luminosity is EL CR E 10 40 − 10 41.5 erg s −1 . Thus, if UHECRs are steady and isotropically emitted from their sources, the number density and luminosity of the associated UHE neutrinos should follow the same constraints.
However, the above scenario is not necessarily true. In general, a population that dominates the observed UHE neutrino sky need not also dominate the observed UHECR sky. This is because neutrinos mainly come from distant sources whereas UHECRs mainly come from local sources. As a specific example, for beamed sources such as blazars, the apparent number density of UHECR accelerators (measured by neutrinos), n s , can naturally be much smaller than the apparent number density of UHECR sources (measured by UHECRs), n cr s (see discussion in Ref. [61] ). If acceleration regions (e.g., inner jets) are relativistically boosted, relativistic beaming causes particles to be emitted within a narrow cone. However, charged particles should be significantly isotropised by intervening magnetic fields, except for rare sources residing in cosmic voids with weak magnetic fields [61] . As a result, the apparent source number density of UHECR sources can be significantly larger than n s , and may even be comparable to the "true" source density n true s . For beaming sources, we must consider lower source number densities for UHE neutrinos compared to ones for UHECR sources if the parent UHECRs are significantly isotropised. To represent this situation we therefore consider n s = 10 −7 Mpc −3 in the Case II and Case III in Sec 2.2. This number density is comparable to the total number density of Fermi blazars, which have typical jet opening angles of a few degrees [62, 63] . Note that our choice is quite conservative. In realistic models, the effective source number density, which is calculated based on the luminosity function, is significantly lower than the total number density [17] . For example, the effective source number density of BL Lac objects is n s ∼ 10 −9 − 10 −8 Mpc −3 . Also, QHBs are rarer but more powerful, so that they are more efficient and powerful neutrino sources [48, 64] . The total number density of QHBs is n s ∼ 10 −9 Mpc −3 at z = 0 but the effective source number density is as small as n s ∼ 10 −12 − 10 −11 Mpc −3 (with a redshift evolution stronger than the SFR) although QHBs show a strong redshift evolution and high-redshift contributions are more important than usual. Remarkably, Ref. [48] predicted that cross-correlation signals with Fermi blazars can be detected because most of the diffuse neutrino flux is dominated by luminous blazars.
The Calculation Method and Results
To assess the capability of detectors to find point sources against a diffuse background, we use the statistical tool described in Ref. [65] . A data set of N detected neutrinos contains N (N − 1)/2 unique pairs. Using the angular separation α ij between each pair of events i and j, we construct an unbinned likelihood
Here A point and A diff correspond to the probabilities of having an angular separation α ij 1 for, respectively, an individual point source and for isotropic diffuse sources. We maximize the likelihood over f , which is the fraction of the pairs that share the same direction (same-source pairs). To evaluate the significance of the signal, we introduce a test statistic (TS) defined as
wheref is f that maximizes the likelihood function. For a given dataset of size N ev tot and detector angular resolution △θ, we generate a large number of synthetic reference datasets from an isotropic background. The percentile of the TS of the data out of the TS of the references determines the confidence level at which Figure 1 . Significance of detection of point sources of UHE neutrinos by experiments with various angular resolutions and numbers of detected events. The color coding corresponds to the confidence level to reject an isotropic background using the statistical method from Ref. [65] . We assume that all of the sources have the same luminosity, and that the sources follow a uniform distribution with a number density 10 −5 Mpc −3 up to 2 Gpc (case I). With this source number density, ∼ 1000 events and ∼ 0.1
• angular resolution are needed to reach a 5σ detection of point sources. In the above calculation, f cov = 1 is used; fewer events are required in the field of view if f cov is smaller.
we reject the null hypothesis of no individual point sources (that is, the p-value). We can, equivalently, quote the corresponding number of standard deviations for this confidence level for a Gaussian distribution.
For simplicity, we assume that the detector in consideration has a uniform sensitivity and a uniform angular resolution over the entire sky (f cov = 1). This setup can be easily adapted to more realistic sensitivity and angular resolution maps. We consider 8 different values of △θ ranging from 0.05 • to 3 • , and 10 different values of N ev tot with ranges depending on the source number density (from 50 to 3000 Mpc for n s = 10 −5 Mpc −3 (uniform) and 10 −7 Mpc −3 (SFR), and from 10 to 500 Mpc for n s = 10 −7 Mpc −3 (uniform) and 10 −9 Mpc −3 (SFR)). For each set of (∆θ, N ev tot ), we generate 10 5 synthetic reference datasets from an isotropic background. We also perform 10 3 tests using data generated with point sources. Finally, we use the average p-value of all 10 3 tests to determine the expected significance of detection. Note that real data has statistical fluctuations and thus does not necessarily result in the mean value predicted here.
We generate the mock data by drawing events randomly from the background or the sources, and then smoothing by the point-spread function (PSF) at the injection direction. We draw the total number of sources from a Poisson distribution with a mean determined Figure 2 . The same as Figure 1 , but assuming that sources follow a uniform distribution with a number density 10 −7 Mpc −3 up to 2 Gpc (top, case II), or a number density that is 10
(middle, case III) or 10 −9 Mpc −3 (bottom, case IV) locally but that is proportional to the SFR up to redshift z max = 6. In general to reach the same significance level of detection, more events will be needed if sources have a larger source number density, or if more sources are distributed at large distances. varies as a function of the Gaussian significance σ, and that 100 − 1000 events are needed for a significant detection in these cases.
by the source distribution and the source volume. We assume that all the point sources have the same luminosity, and consider four scenarios of source distributions:
1. I) a uniform number density n s = 10 −5 Mpc −3 up to a sharp edge at 2 Gpc; 2. II) a uniform number density n s = 10 −7 Mpc −3 up to a sharp edge at 2 Gpc; 3. III) a number density that is n s = 10 −7 Mpc −3 locally but that is proportional to the SFR up to redshift z max = 6;
4. IV) a number density that is n s = 10 −9 Mpc −3 locally but that is proportional to the SFR up to redshift z max = 6.
Our pick of a uniform distribution with a cutoff at 2 Gpc approximates source distributions in the relatively nearby universe, and is computationally efficient for the large number of realizations required in this work. It is significantly more favorable to source detection than is the scenario in which sources follow the SFR, as is seen by a comparison of the cases II and III in Figure 2 . Figures 1 and 2 show the significance of point-source detection by a detector in our parameter space of event numbers and angular resolution. For sources with n s = 10 −5 Mpc −3 (case I), a 3σ detection requires at least 500 events with ∆θ ∼ 0.1 • , roughly 1000 events with ∆θ ∼ 0.5 • , and a greater number of events with detectors that have an angular resolution poorer than a degree. A 5σ detection generally requires a few thousand events and an angular resolution better than 0.5 • . At a fixed significance level, the required number of events is roughly independent of angular resolution for ∆θ 0.1 • at 5σ, but increases notably for angular resolutions worse than a few tenths of a degree. This change happens when the chance of getting background events from adjacent sources due to the poor PSF becomes considerable, that is, the number of false point sources is not negligible (see also Ref. [66, 67] for a similar discussion regarding UHECR sources). We confirmed that our results agree well with calculations based on multiplet analyses performed by Refs. [16, 17] . A 1.6σ limit corresponds to N ev tot ∼ 200, which is consistent with the six-year lower limit on the number density n s 10 −5 Mpc −3 for no redshift evolution and f cov = 0.5 [17] . Note that alternate point-source detection methods, such as standard autocorrelation methods or the method of Ref. [68] , would require more events and/or better angular resolution (see the discussion in Ref. [65] ).
The significance of point source detection depends on the source number density as well as the source evolution model. In general, to reach a given confidence level, more events will be needed if the total number of sources is larger or if the sources lie at greater distances. For example, if sources follow a uniform distribution with n s = 10 −4 Mpc −3 up to a sharp edge at 2 Gpc, a 3σ detection would require about 1700 events even with 0.1 • angular resolution. In contrast, the top panel of Figure 2 shows that with n s = 10 −7 Mpc −3 and a uniform distribution, the same level of detection can already be reached by 100 events with 1 • angular resolution.
To understand the impact from source evolution models, in the middle and bottom panels of Figure 2 we show the significance of point-source detection assuming that sources follow the SFR (case III and IV). To model the star formation rate, we assume that the source number density scales with redshift z as (1 + z) 3.4 for z < 1, (1 + z) −0.3 for 1 < z < 4, and (1 + z) −3.5 for z > 4 [69] . With a significant source population distributed at large distances, an 5σ identification of sources with a local density n s = 10 −9 Mpc −3 requires ∼ 100 events, and that with n s = 10 −7 Mpc −3 requires ∼ 1000.
Finally, we summarize the above four cases in Figure 3 , by showing the significance of detection of point sources as a function of the total number of detected events at an angular resolution ∆θ = 0.1 • . Note that we have assumed f cov = 1 in the above calculation. The required total number of events (in the field of view) would be less with a smaller value of f cov . Also, even if 5σ detections require sufficient statistics, it is easier to find hints of UHE neutrino sources if the sources are rare. For example, for sources following a uniform distribution with n s = 10 −7 Mpc −3 and the SFR distribution with n s = 10 −9 Mpc −3 , one can place 2σ limits only with dozens of neutrino events.
Cumulative Contributions of the Nearest Sources
In principle, the point-source detection may be expected for powerful sources rather than nearby dim sources. For standard-candle sources with a given luminosity, one expects that the nearest source will be the easiest to detect as a single source. However, in the case of neutrinos, each of observed multiplets may consist of contributions from many neutrino sources located along the line of sight [17] . Although they are useful to place limits on the source number density [17] , for the purpose of detecting a single source, it is important to figure out cumulative contributions of the nearest sources, which we address in this section. EeV neutrinos would be direct probes of UHECR sources distributed up to cosmological distances. Bright sources such as blazars have been detected up to a few gigaparsecs. However, for dimmer sources, source catalogs may be incomplete beyond a few hundred megaparsecs because the catalogs are flux-limited and/or the field of view of detectors is small. At energies above ∼ 100 TeV, gamma-rays have a horizon of a few tens of Mpc. UHE photons above ∼ 10 19 eV have been proposed as a smoking gun of UHECR accelerators [70] , and the effective energy-loss length is ∼ 30 − 100 Mpc since particle energy remains almost the same through cascades in the deep Klein-Nishina regime [70, 71] . The observation of UHECRs are also limited by the so-called Greisen-Zatsepin-Kuzmin (GZK) horizon [72, 73] , due to interactions with the photons of the cosmic microwave background. Although the majority of the EeV neutrino flux should come from distant sources around z ∼ 1 − 2 (see Eq. 3.2 below), one expects that some bright neutrino sources lie in the nearby Universe, if neutrinos can be produced at the source. We calculate in this section the typical distance to sources that can be identified using a UHE neutrino detector, in order to assess whether it is possible to associate such sources with nearby objects observed with other messengers.
The number of particles expected from one source with a neutrino emission rate per energy dL E /dE (where L E is the one-flavor neutrino luminosity per energy), located at
For a neutrino source number density n s at z = 0, and assuming that all sources are identical ("standard candles"), the total expected number of detected events is
where t H = zmax 0 (dt/dz) dz is the Hubble time, ξ z = 0.6 if the source emissivity is independent of redshift (no evolution), and ξ z = 2.5 if the source emissivity follows the star formation rate, assuming that α ∼ 2 (see, e.g., [36] ). We can thus write
In this expression, all the single source parameters and the detector characteristics are encapsulated in the total number of events N ev tot . , above which there is no detectable point source for a given luminosity. The critical distance can be compatible with cosmological distances of a few Gpc. For n s 10 −6 Mpc −3 , one can see from this estimate that the detection of real multiplets will point to sources that are only in the local Universe, and in particular within the GZK horizon (of order 200 Mpc above a cosmic-ray energy of 60 EeV). If UHECR accelerators are neither beamed nor transient, it would thus be possible to cross-correlate the position of UHE neutrinos with cosmic rays.
Note that N ev 1s cannot exceed the total number of events. N ev 1s = N ev tot leads to a distance below which the expected event from a single source saturates:
Given a mean of N ev 1s , the probability of producing m events is [17] P (m|N 6) considering that a source can emit events with a number between 0 and N ev tot following a Poisson distribution. One recovers the well-known result P (m|N ev 1s ) = e −N ev 1s (N ev 1s ) m /m! when the total number of events is not too small. The probability to find a source producing multiplets with order M or higher is
Then, the number of neutrino sources producing M or higher multiplets becomes [17] 
The cumulative fraction of neutrino sources located within distance D is given by
Next, we consider the number of pairs (i.e., the multiplets themselves) rather than the number of neutrino sources. The expected value of the number of same-source pairs from a single source is
where m(m − 1)/2 is the number of pairs if a source emits m events. The total number of pairs from all neutrino sources in the sky can be calculated as
where D min is the distance of the closest source. The cumulative fraction of pairs by neutrino sources located within distance D is
This quantity allows us to evaluate the relative contribution of nearby sources in the total number of pairs. However, one should note that for given data this does not address whether higher multiplets can be discriminated from many doublets. For example, let us assume that four events are found in a sky region within the angular resolution. They may consist of a quartet by a single source or two doublets by two sources with different distances. Figure 4 presents the fraction of contribution from sources within distance D to multiplet events. We fix the local number density to be n s = 10 −5 Mpc −3 , and set the minimum source distance D min to either 5 Mpc or 30 Mpc for demonstration purposes. The minimum source distance sets the cutoff of the fraction f ss and can influence strongly the value of f pair within D < D cri . As expected, D sat and D cri remain the principal parameters, which set the range of distances from which most real multiplets are expected. As D sat does not depend on N ev tot , the fraction of the total contribution barely depends on the total number of events until distances around D cri . Importantly, the contribution of local neutrino sources is more prominent for higher multiplets (compare cases with M ≥ 2, 3, 4). Figure 5 presents the fraction of pairs from sources within D, for n s = 10 −9 , 10 −7 , and 10 −5 Mpc −3 . The minimum distance is set to be R min = 5 Mpc for all cases. The bulk of pairs are contributed from sources within D cri , which corresponds to an injection of N ev tot = 1000. In addition, the subplot in Figure 5 shows that f pair ∝ D 3 for distances below D sat . This is because the expected value of the number of pairs from all potential sources within D sat is limited to N ev tot , and the contribution simply scales to the volume of sources. Also, effects of the cosmology as well as the redshift evolution become relevant at large distances although they are not shown in this figure 3 .
The cumulative contribution to the number of sources or pairs is sensitive to the source number density. However, as inferred by Eq. (3.4) , the above figures demonstrate that, as long as the total number of events N ev tot is small enough and/or the source number density n s is large enough, multiplets may originate mostly from nearby distances. For example, for N ev tot ∼ 100, most of the contributions come from sources at 200 Mpc if n s 10 −7 Mpc −3 . However, if we achieve N ev tot ∼ 10 3 with planned EeV neutrino detectors, it is also possible to find distant UHE neutrino emitters. If the sources are rare but powerful as expected in blazars, typical sources that dominate the neutrino sky may be distant rather than nearby.
Summary and Discussion
We have investigated the requirements for a future EeV neutrino detector to identify a neutrino point source. We find that for non-evolving sources with n s ∼ 10 −7 − 10 −5 Mpc −3 , 100 − 1000 events and sub-degree angular resolution are needed for a 5σ detection of UHE neutrino sources. This detection would also give relevant clues to the origins of UHECRs. The results are sensitive to the redshift evolution model, and the similar numbers are obtained for the SFR evolution with n s ∼ 10 −9 − 10 −7 Mpc −3 . By examining the typical distance to sources that can be identified by a UHE neutrino detector, we show that for source population with a number density above ∼ 10 −6 Mpc −3 , a significant fraction of the brightest sources may be in the nearby Universe. Therefore if the sources are neither beamed nor transient, it would be possible to associate the detected sources with nearby objects observed using other messengers, including messengers with limited horizons. On the other hand, if sources are rare and powerful as predicted in blazar scenarios, they can be first found at distant locations. Note that UHECRs above the GZK energy should be suppressed for distant sources, but ∼ 10 19 eV cosmic rays may reach the Earth and their powerful sources may be relevant for anisotropy searches in the UHE range.
So far we have only considered steady sources which therefore do not evolve over time. UHECRs from a transient event are expected to arrive at Earth with a spread of arrival times, which we designate by δt, because UHECR paths are deflected by magnetic fields between the source and the Earth. Therefore, for transient sources, the source rate per volume ρ s can be converted to an apparent number density n s via the UHECR arrival time spread: ρ s ∼ n s /δt [66, 67] . The time spread is δt ∼ 10 4 yrs (D/100 Mpc) (δθ/1 • ) 2 , where δθ is the angular deflection experienced by the particle during the propagation (e.g., [74] ). The apparent number density may still govern the potential of pinpointing the sources of cosmogenic neutrinos, while the luminosity of EeV neutrinos from the sources can be much higher because the duration of UHE neutrino emission is short. Example transient sources of EeV neutrinos are GRB afterglows [75] [76] [77] [78] , young magnetars and pulsars [79, 80] . Searches for transient UHE neutrino sources are relevant especially if the composition is dominated by protons and light nuclei.
Unlike astrophysical UHE neutrinos, cosmogenic neutrinos are expected to suffer some, typically degree-level, angular displacement with respect to their source directions, due to the deflections suffered by the primary UHECRs that produce them. Therefore it may be difficult to pinpoint the actual source location even with a perfect detector. On the other hand, our work suggests that once the detected number of cosmogenic neutrinos reaches a few hundred, crucial information can be gained regarding the characteristics of the sources of UHECRs. Importantly, any small scale auto-correlations in the arrival directions of cosmogenic neutrinos, or the absence thereof, would constrain the number density and source evolution of UHECR sources, in a measurement that is complementary to the equivalent study of UHECR arrival directions, and PeV neutrinos, as presented in e.g., Refs. [17, 60, 81, 82] .
The current work also applies to neutrinos in the energy range of 100 TeV -EeV where the effect of atmospheric background is negligible [17] . Our 90% confidential level (1.6σ) results shown in Figures 1 and 2 are consistent with the limits presented by Ref. [17] . Our results in Figures 1,2 , and 4 also predict the point-source search potential of future statistics from IceCube and ANTARES, as well as next-generation detectors like IceCube-Gen2 [26] and KM3NET [22] . edges financial support from the PER-SU fellowship at Sorbonne Universités and from the Labex ILP (reference ANR-10-LABX-63, ANR-11-IDEX-0004-02). The work of K. M. is supported by NSF Grant No. PHY-1620777. We also acknowledge the University of Maryland supercomputing resources (http://www.it.umd.edu/hpcc) and The Maryland Advanced Research Computing Center (https://www.marcc.jhu.edu) made available for conducting the research reported in this paper.
